1/20 



FIG. 1 



100 



NR PROCESSING CIRCUIT 



INPUT DATA 
(DATA WITH 
NOISE) 



2 



NOISE REMOVING 
SECTION 



-►OUTPUT DATA 
(DATA WITHOUT 
NOISE) 



ESTIMATED 

NOISE 

AMOUNT 



NOISE-AMOUNT 
ESTIMATE SECTION 
— S 
1 



2/20 



FIG. 2A 





3/20 



FIG. 3 



100 



INPUT DATA 
(WITH NOISE) 



23 

J_ 



NOISE-AMOUNT ESTIMATE SECTION 



111 

J 



n 2 
J 



11 3 

A 



11 4 

i 



D -i 



NOISE-AMOUNT 
CALCULATION SECTION 



11 



INPUT RELIABILITY 
CALCULATION SECTION 



RELIABILITY 
OF INPUT 
VALUE 



15 



12 



WEIGHT 

CALCULATION 

SECTION 



RELIABILITY 
OF OUTPUT 
VALUE 



WEIGHT 
DATA W 



WEIGHTING 
SECTION 
x(1-W) 




T 

14 



13 



OUTPUT 
RELIABILITY 
CALCULATION 
SECTION 



21 



RELIABILITY OF OUTPUT 
VALUE OBTAINED ONE 
TIME-PERIOD BEFORE 



WEIGHTING 
SECTION 
xW 



INPUT 

WEIGHTING 

DATA 



OUTPUT 

WEIGHTING 

DATA 



*9 

24 



25 



NOISE REMOVING SECTION 



OUTPUT 
DATA 



4/20 



FIG. 4 

INPUT DATA (WITH NOISE) 



t \ 

x(t) x(t-1)x(t-2) x(t-3) x(t-4) 















> 


i 


i 

\ 


t 












f 








f > 








f > 










1 \ 


f \ 


f \ 


f \ 


1 




v v > 


AVERAGE 
v31 CALCULATION CIRCUIT 


AVERAGE > 


VARIANCE 

CALCULATION CIRCUIT 


NOISE-AMOUNT 
CALCULATION SECTION 






VARIANCE 



) Y 
11 NOISE 

AMOUNT 



5/20 



FIG. 5 



o 



o 



12- 



\ 



OBTAIN VARIANCE a x (t) 2 OF 
FIVE SAMPLES AND USE ITS 
RECIPROCAL AS RELIABILITY 

/ a x(t) 



1 



J 



AVERAGE 



) 



t-4 t-3 t-2 t-1 
TIME 



6/20 



FIG. 6 



OUTPUT 
RELIABILITY 
OBTAINED 
ONE SAMPLE 
BEFORE 



CURRENT 
INPUT 

RELIABILITY 



H — Kd 


1 






9 ■ 


>■ 


! 41 




! OUTPUT 


---13 


! RELIABILITY 


' CALCULATION 




! SECTION 





CURRENT 

OUTPUT 

RELIABILITY 



TIME 



7A 



O :0 O" O" 

x(t-5) x(t-4) x(t-3) x(t-2) 



o 

x(t-1) x(tj 



' INPUT DATA 



x(t) 



7B 



a x (t) 



OUTPUT DATA 



y(t-5) y(t-4) y(t-3) y(t-2)y(t-1) y(t) 



a y (t-i) 2 a y(t ) 2 



CXy(M) ay( t ) 



7/20 



FIG. 8 



S17 



C START ) 



INPUT DATA 



S11 



S12 



CALCULATE EVALUATION VALUE 
(RELIABILITY) OF INPUT VALUE 



S13 



CALCULATE WEIGHT 



I 



S14 



UPDATE EVALUATION 
VALUE (RELIABILITY) 
OF OUTPUT VALUE 



CALCULATE WEIGHTED AVERAGE 


> 


t S15 


OUTPUT DATA 




f S16 


IS INPUT 


FINISHED? y 



c 



YES 



END 



8/20 



FIG. 9 



X 

o 



O 



o 



6 



6 



i 



OBTAIN ERROR SQUARE d x (t) 2 
AGAINST AVERAGE AND USE ITS 
RECIPROCAL AS RELIABILITY 

a x(t) = H 1 2 
dx(t) 



AVERAGE 



t-4 



t-3 t-2 
TIME 



t-1 t 



9/20 



FIG. 10 



100 



INPUT DATA 
(WITH NOISE)! 



NOISE-AMOUNT ESTIMATE SECTION 
111 11 2 113 114 



1 



L J 



D 



D 



1 



NOISE-AMOUNT 
CALCULATION SECTION 



-11 



INPUT RELIABILITY 
CALCULATION SECTION 



-12 



23 



RELIABILITY 
OF INPUT 
VALUE 



15 



WEIGHT 

CALCULATION 

SECTION 



WEIGHT 
DATA W 



22 



RELIABILITY 
OF OUTPUT 
VALUE 



D 

T 

14 



13 



OUTPUT 
RELIABILITY 
CALCULATION 
SECTION 



16 



MOTION- 
AMOUNT 
CALCULATION 
SECTION 



WEIGHTING 
SECTION 
x(1-W) 



RELIABILITY OF OUTPUT 
VALUE OBTAINED ONE TIME- 
21 PERIOD BEFORE 

J 



WEIGHTING 
SECTION 
xW 



1.0 



INPUT 

WEIGHTING 

DATA 



OUTPUT 

WEIGHTING 

DATA 



25 



24 



NOISE REMOVING SECTION 



OUTPUT 
DATA 



10/20 



FIG. 11 A 



ooooootti 

OOOOOtftt 

ooo###### 
ooo#####o 
oo##®t#oo 
o#####ooo 

OtfMOOOO 

••••ooooo 

•tooooooo 



@ : AIMED-AT PIXEL 

# : PIXELS HAVING DIFFERENCES IN LEVEL FROM 
AIMED-AT PIXEL NOT MORE THAN THRESHOLD 



FIG. 11 B 




DIFFERENCE 



11/20 



FIG. 12 



1.0 

OUTPUT RELIABILITY 
OBTAINED ONE 
FRAME BEFORE 



MOTION 
AMOUNT 
m(t) 



CURRENT 
INPUT 

RELIABILITY 



1.0 -m(t) 

— -® 



52 



41 



OUTPUT RELIABILITY 
CALCULATION SECTION 



CURRENT 

OUTPUT 

RELIABILITY 



13 



12/20 



FIG. 13 



TIME 



2_HMLa 



(A) ORIGINAL IMAGE 




(C) IMAGE WITH NOISE 



S2o 
OS 
z < 



S 



TIME 




(B) NOISE IMAGE 



Q 
LU 



LU Z < 



(D) 



TIME 



13/20 



FIG. 14 



A 

FREQUENCY 




" ERROR FROM ORIGINAL IMAGE 



14/20 



FIG. 15A 



AIMED-AT 
PIXEL 



T 



LOCAL 
AREA 



VARIANCE 



INPUT IMAGE 



FIG. 15B 

PEAK 




ESTIMATED 

NOISE 

AMOUNT 

VARIANCE 



15/20 



QO 
LU S 

^ < 

^ LU 

coO 



£3 



in 



S3 

£3 



O 

LU ^ 

O co 



CO 

CO 



CO 



CO 



co 



CO h- LU <C 

<C — I O DC tn 
LU<CLU<£2 
Q-OCO>I 



dc 
O 



IOcoO 



< s 

CC LU 



<: 

Q 




^ — 1 LU 
= ^ < 



g! 



xQcn 



CO 



LU ^ 
DC LU 

<<OH 
ODC— lO 
0<<LU 
-l>OCO 



CVJ 
CO 



DC LU 

<o 

ODC 



1 1 1 <c 



1 1 1 <c 
<o 



< 
cc 



>- 
o 



CO 
CO 



o 

CO 

I — 
LU 
CO 
LU 

DC 



16/20 



FIG. 17 



0 



NOISE-AMOUNT ESTIMATE 
PROCESSING 







> 


f S21 






STORE 


IMAGE 


C3 




> 


r S22 


1 ff 




CALCULATE 


VARIANCE IN 


: : 


| > 


LOCAL AREA 




ty 
FLi 

in 

r ^ 

■is s£ 

E 




> 


r S23 




UPDATE FREQUENCY OF 
VARIANCE 


f 1 

IS =fT 

s : : 
■s ■ s 




> 


f S24 




NO / 


/has variance 


BEEN \ 



CALCULATED FOR ALL PIXELS? 



YES 




> 


f S25 


CALCULATE PEAK POSITION 


IN HISTOGRAM 


> 


r S26 


OUTPUT ESTIMATED NOISE 


AMOUNT 




> 


f 



C END ) 



17/20 



FIG. 18 



7\ 



t! 



- -i — + — 



INPUT IMAGE WITH NOISE 
NOISE IMAGE 
ORIGINAL IMAGE 




0 20 40 60 80 100 120 140 160 180 200 



VARIANCE 



18/20 



FIG. 19 



40 
35 
30 
25 
20 
15 
10 



TRUE NOISE AMOUNT 
{■-- ESTIMATED NOISE AMOUNT 





"A .\ I 



0 



10 



20 30 
TIME 



40 



50 



60 



• 

19/20 




20/20 



FIG. 21 



< 



142 

\ 


143 

\ 


144 

\ 


102 




CPU 

•\ 




ROM 




RAM 




HARD DISK 

iV — 


141 



it 



it 



V 



~7 



> 



DISPLAY 
SECTION 



146 



INPUT AND OUTPUT INTERFACE 



INPUT 
SECTION 

T 
147 



A 
V 



COMMUNICATION 
SECTION 



148 



145 



A 
V 



DRIVE 

T 

149 



101 



